Abstract: Trachoma, a blinding eye disease caused by repeated and prolonged infection with Chlamydia trachomatis, is a signifi cant public health problem for sub-Saharan Africa. Tanzania has had a National Trachoma Task Force since 1999, working on trachoma control in endemic districts. The objective of this study was twofold: fi rst, to determine the current status of infection and clinical trachoma in these districts in Tanzania, and second, to determine if a combination of clinical signs could be used as a surrogate for infection. We conducted a survey for trachoma and infection with C. trachomatis in 75 villages in eight districts of Kongwa, Kilosa, Mpwapwa, Bahi, Kondoa, Manyoni, Monduli and Iramba in Tanzania, which have previously been shown to be endemic. In each village, a random sample of households, and of children within households, was taken for examination. Trachoma was graded using the World Health Organization system, which we expanded, and a swab taken to determine presence of infection. The rates of trachoma ranged from 0% in Iramba District to 15.17% in Monduli District, with large variation in villages within districts. Infection rates were generally lower than trachoma rates, as expected, and most districts had villages with no infection. A combination of clinical signs of trachoma in children, when absent, showed very high specifi city for identifying villages with no infection. We conclude that these signs might be useful for monitoring absence of infection in villages, and that districts with trachoma prevalence between 10% and 15% should have village level rapid surveys to avoid unnecessary mass treatment. _______________________________________________________________________________________
Trachoma and ocular Chlamydia trachomatis rates in children in

Introduction
Trachoma is the leading infectious cause of blindness worldwide, affecting an estimated 40.6 million people of whom 8.2 million have trichiasis (Mariotti et al., 2009; Resnikoff et al., 2004) . Mariotti et al estimated that in Tanzania, 1.22 million persons suffer from trachoma and 214 thousand from trichiasis in endemic areas (Mariotti et al., 2009) . This chronic conjunctivitis, caused by repeated episodes of infection with Chlamydia trachomatis, affl icts the most impoverished communities on earth. Because of its absence in developed countries, trachoma was largely forgotten as a public health issue until a new antibiotic donation program coupled with renewed focus by the World Health Organization (WHO) rekindled interest in eradicating blinding trachoma.
The WHO Alliance for the Global Elimination of Blinding Trachoma by the year 2020 (GET 2020) has endorsed a multifaceted trachoma control program for countries endemic for trachoma (WHA, 2003) . There is sound public health reason for this focus: the economic costs of trachoma in endemic countries are estimated at an annual productivity loss of $2.9 billion, based on loss of vision (Frick et al., 2003) . The prevalent cases of visual loss are responsible for 39 million lifetime Disability -Adjusted Life Years (DALYS). These impacts are likely to be under-estimates, as trichiasis (the potentially blinding sequelae of years of ocular infection), even without vision loss, is associated with disability (Frick et al., 2001) .
In communities endemic for trachoma, the pool of active infl ammatory trachoma resides in the young children who may have persistent signs of active trachoma as result of repeated or persistent infections (West et al., 1991; West et al., 1996) . In hyperendemic areas, active disease prevalence in pre-school children can be as high as high as 60% to 90% (West et al., 1991 (West et al., , 1996 . Using quantitative PCR in Tanzania, we have shown 90% of infection within the community resides in pre-school children (West et al., 1991 (West et al., , 1996 Solomon et al., 2003; . Multiple infections over time and/ or prolonged, severe infection are followed by evidence of scarring of the conjunctiva. As early as childhood and early adult hood, the scarring may be clearly evident; scarring can lead to trichiasis (Munoz et al., 1999) .
Use of antibiotics to treat infection within the community is one of the cornerstones of the WHO endorsed "SAFE" strategy for countries implementing trachoma control programmes (WHA, 2003) . Country programmes are managing once yearly treatments, with varying success at reaching target coverage of 80%. Tanzania for several years targeted 75% coverage and took two rounds of mass treatment to achieve such coverage (West et al., 2000 (West et al., , 2002 . Even more frequent treatment has been suggested to be more effective in reducing infection over time in hyperendemic countries, specifi cally biannual treatment, based on mathematical modeling (Lietman et al., 1999) .
Tanzania has had an active trachoma control programme since 1999, implementing the full SAFE strategy in endemic districts. In this project, we undertook prevalence surveys for trachoma and ocular chlamydia infection during [2007] [2008] in villages in endemic districts around Tanzania to determine the current state of trachoma. We report the prevalence within these districts.
Materials and Methods
Study areas
This study was carried out in eight districts endemic of trachoma in Tanzania. They included Kilosa in Morogoro Region, Kongwa, Mpwapwa and Bahi in Dodoma Region, Manyoni and Iramba in Singida Region and Monduli in Arusha Region.
The Tanzanian National Trachoma Control programme managers have been enrolling villages within the trachoma endemic districts, and enrolling new districts, each year since 1999. The program strives to implement the full SAFE strategy, training trichiasis surgeons for each district, and providing fl ip charts and radio programmes on face washing and importance of clean environments for each district. The program is also the recipient of azithromycin donation, to be given as mass treatment in a single dose, 20 mg/kg, to those aged one year and older. Mass treatment is scheduled every year. The programme has grown from twelve villages in each of six districts in 1999 to 32 districts with close to 600 villages in 2008.
The villages that were eligible for this study were those that had baseline data on trachoma rates prior to the program and for whom the National Trachoma Control Programme had data on coverage of within the community of azithromycin. In addition, they had to have at least three rounds of mass treatment. We stratifi ed the villages in the study area by number of mass treatments in the village to be sure we were not over-representing villages that had many rounds, or villages that had few. Seventy-fi ve villages were randomly selected, representing 8 districts.
Sentinel children
We surveyed a sentinel sample of 100 to 120 children aged fi ve and under, randomly selected in each village. Selection of children was done as follows: after discussion with the village elders and approval obtained to conduct the study in their village, we asked each of the mtaa leaders to list each of their tencell leaders. We then asked each of the ten cell leaders to list the head of household for the ten to twenty households in their cells. We listed all households in the village by ten cell listing and numbered them sequentially. From this list we will select the households from which the preschool child will be selected. We aimed for 100-120 children per village; past response rates to surveys have been 78%, but the lowest in these villages at our baseline survey was around 70%; therefore to account for refusals, we aimed for 143 households. The number of households on the list would be divided by 143 to arrive at the sampling interval, "n". With a random start on the list every "nth" household would be selected to be in the study. From past experience, about 70% of households in these villages have at least one child aged fi ve years and under. If a household did not contain a child aged fi ve years or less, the household would be ineligible, and the next household on the list, previously not selected, would be selected as replacement. In the Iramba district, as we suspected the rates would be low, we sampled 150 children.
Within the household, we randomly selected only one child aged fi ve years or less from the eligible household. We know that trachoma clusters within households, and by selecting only one child per household we avoided that level of clustering. Once the child was selected, a notice was sent to the family, inviting them to attend the survey where details of the examination were provided, and informed, written consent was obtained.
Data Collection
One senior grader (HM) performed all assessments of trachoma in the fi eld, and took an ocular photograph of every child for quality control purposes. In addition, an ocular swab of the left upper eyelid of each child was taken following strict procedures to avoid fi eld contamination. A laboratory assistant wore sterile gloves, and fl ipped the eyelid. He was the only one to actually touch the child around the eyes (the mother is often enlisted to hold the child). The senior grader, also wearing sterile gloves, removed the sterile Dacron swab by grabbing it 2/3 of the way down the shaft, not touching the swab itself. He then rubbed the swab across the eyelid three times, twirling the swab as it goes across the tarsal plate, then inserted it into the vial, careful not to touch the edge or inside of the vial, and re-capped the vial. All personnel changed gloves between each child. At the end of every tenth participant, we have swabbed the hands of the person taking the swab for a control.
The vial was placed in a cold box in the fi eld and was transferred each evening to were denatured, and sent for detection using probe-coated microwell plates. Detection is accomplished by measuring the optical density at A 450 . The assay result for the negative controls should be less than 0.2 A 450 , and the assay result for the positive controls should be 0.8 or greater for ocular specimens for a valid run.
We tested separately for amplifi cation of both the target plasmid DNA and the mastermix internal control samples to determine if PCR was inhibited. Samples whose values in valid runs were 0.8 A 450 were counted as positive, and samples less than 0.2 A 450 were negative. Samples for which the result were equivocal ( 0.2, <0.8) were tested again; if equivocal twice, they were left as equivocal and called not positive in the analyses as no run equaled 0.8 or greater.
For this study, we have expanded the World Health Organization simplifi ed grading scheme to accommodate milder disease, and more severe signs (Thylefors, 1987) . This expanded scheme permits us to collapse to the simplifi ed system (Table 1) . a freezer, and stored until shipped to Johns Hopkins International Chlamydia Laboratory, frozen, for processing. The specimens were processed according to strict protocol, outlined in the manufacturer's kit directions. The Roche Amplicor C. trachomatis qualitative PCR assay from Roche Molecular Systems was used. Procedures are summarized as follows: Each swab was eluted by vortexing in Amplicor CT/NG lysis buffer in polypropylene tubes, and then Amplicor specimen diluent was added. Using a known positive sample in the laboratory, positive and negative C. trachomatis (CT) processing controls were created; two CT+ and two CT-processing controls were run with each batch of specimens. The Working master mix was created and the specimens prepared prior to amplifi cation. The specimens and controls were placed in the thermal cycler for amplifi cation. Once completed, the specimens With this scheme, the WHO grade of TF equals grades 2 and 3 for follicular trachoma, and TI equals grades 2 and 3 for intense trachoma. We assessed the reliability of this grading scheme using 59 photographs of persons randomly selected from one village in Tanzania. The photographs were read twice, on different days, by one experienced trachoma grader who was masked to previous grades when re-grading the set. The sample of photographs contained 27% TF and 19% TI, so the sample has a reasonable distribution of persons with disease. The unweighted kappa for intra-observer agreement using the expanded scheme was 0.65 for TF and 0.78 for TI.
Data analysis
The prevalence of ocular chlamydia infection, TF, TI, and the corresponding exact 95% Confi dence Intervals (CI) assuming a binomial distribution are presented at community level. The average prevalence and 95% CI was estimated for each district. To examine the association between infection and severity of the trachoma clinical sign, the proportion of children positive for infection is presented for all possible combinations of the severity of TF and TI
Results
A total of 75 villages and 8342 children were examined. The average village prevalence of active trachoma (TF or TI) when each village enrolled in the National Trachoma Control program at the start was 50.3% (range= 17-79%). The average prevalence of TF (with or without TI) and TI (with or without TF) in each district in our survey is shown in Table 2 . Active trachoma (TF or TI) is also shown. The rates of TF ranged from 0% in Iramba (District 12) to 15.17 Monduli (District 10). However, the data show a large variation in trachoma and infection rates among the villages within the districts. In Kongwa district, seven villages had TF rates less than 10%, yet two villages still had trachoma rates greater than 20%. Because the overall prevalence rate of TF is estimated at greater than 10%, the entire district (following WHO guidelines) would be mass treated.
The average prevalence of infection in each district is shown in Table 2 . The infection rates varied from 0 in Iramba to 8.5% in Monduli, similar to the trachoma rates. As expected, infection rates generally were lower than trachoma rates in each district. However, there were some villages where the infection rate was actually higher than the rate of active trachoma, notably in Kilosa (district 2) where the rates of trachoma were low.
If we exclude Iramba where there was probably no trachoma at baseline, then only 4 of 48 (8.3%) villages with any TI had no infection. Only one village of the 17 where TI was greater than 5% had no infection. While TI presence seems to be a good marker of infection, the absence of TI does not necessarily indicate the absence of infection. In the 23 villages with no TI (again excluding those from Iramba) only 4 also had no infection (17%). However, of the fi ve villages with no TI where the infection rates were greater than 5%, three of the fi ve were in Kilosa district where trachoma was likely reemerging and perhaps were sub clinical cases. The association between the prevalence of infection and the clinical signs of trachoma is shown in Table 3 . While severe TI was a consistent indicator of infection-over 50% of children were infected if they had this sign, regardless of the TF status, it was very rare; only 55 of 7811 children had this sign (0.7%).
Children with trachoma who met WHO criteria of TF and TI also had infection rates greater than 50%, as did children with severe TF (ten or more follicles) who had at least some evidence of infl ammation. Table 4 compares the combination to infection rates in the other disease categories and to those with no signs of trachoma. Children with one of the "high risk" combination signs have an infection rate of 56.8%, while those with other signs of trachoma have a rate of 10%, compared to no signs of trachoma at all, with an infection rate of 2%. The sensitivity of this high risk combination of signs is low, but the specifi city (for absence of infection)is high, 96%. WHO has recommended that when the district has trachoma prevalence greater than 10% in children aged under ten years, the entire district should be mass treated with azithromycin. (Such an indication means that the rates in children aged fi ve and under will be even higher, because they typically have the highest prevalence rates in the community (West et al., 1991) . However, there is currently some concern for the production levels of azithromycin and whether more judicious use in countries may become necessary. Our data suggest a different approach to WHO guidelines. In this regard, for example, Kongwa district has overall TF rates in the age group fi ve years and under greater than 10%, which suggests the district should be mass treating every village. With 66 villages (excluding the district town) the population to be mass treated is estimated at 198,000 persons, and likely over 200,000. However, our data also show the huge variation in villages, where of the 13 villages, 7 or 54% would clearly qualify to stop mass treatment with rates of TF less than 10%. Two of the villages (2 of 13 or 15.4%) would even qualify to stop all antibiotic treatment, with trachoma rates less than 5%. The rest may still qualify for mass treatment (unless the rate in the expanded age group under ten years is less than 10%). A similar situation occurs in Manyoni District, where the overall rates of 11.7% suggests mass treating the entire district, but we again observe large individual variation among villages. Our data suggest that when district prevalence rates are just above 10% (say between 10% and 15%) rapid assessment village by village in the district may be appropriate to identify which villages need mass treatment, which may get just targeted treatment and which may be stopped for treatment altogether. Such district level variation is not unique, and has been reported in a recent study in Kenya (Karimurio et al., 2006) It is also worth noting that none of the villages in Kongwa, and only two in Manyoni, had a complete absence of infection in the children sampled. While in general, infection rates were low when trachoma rates were low, it was not altogether absent. Thus, the possibility of re-emergence of trachoma is possible if the village has not changed the environmental conditions that favor trachoma transmission. We have shown that after two mass treatments, when infection was low, infection and trachoma did reemerge in a formerly hyper-endemic community (West et al., 2007) . Thus, if mass treatment is stopped, some surveillance following cessation is indicated.
Signs of Trachoma Infection Present Infection Absent
Re-emergence of infection may be an issue in Kilosa, where infection rates in some villages are greater than trachoma rates. This fi nding is unlikely due to differences in assessment of trachoma between villages, because one grader did all the assessments, and we monitored grading for drift over time. The laboratory assessment of infection was done masked to clinical disease state and vice versa. We monitored the fi eld team for evidence of fi eld contamination, with no evidence. Rates of trachoma are very low in Kilosa, with an average trachoma prevalence of 4.17% and average infection rate of 4.92%. This district would likely be eligible to stop mass treatment for all its villages under WHO guidelines, although stopping all villages would be of concern as clearly some villages have infection rates in children greater than 10%, although disease rates are low. Some surveillance for re-emergence in this district is clearly indicated.
Iramba had no infection or trachoma. As this district had had mass treatment with less than 80% coverage for only three years, it is unlikely there would be no trace of infection or clinical disease. It is more likely that the baseline survey had overestimated the trachoma rates in that district.
We correlated the various clinical signs of disease with infection rates, to see if improvement in detection of infection was possible. Other research has shown that TI is better correlated with infection than TF (West et al., 1991; . We also found a good correlation between villages which had any TI and the presence of infection. However, if TI is not present, it does not necessarily mean there is not chlamydia infection, although largely the infection rate was 5% or less. We have identifi ed a combination of signs, representing about 11% of those with any sign of trachoma, and 25% of those with WHO criteria for trachoma, where infection rates exceed 50% if the sign is present. The sensitivity of this combination of these signs is low, but the specifi city is very high, 96%. Thus, if the combination of these signs is not seen in the sample of children in the village, the likelihood of infection in the village is very low, regardless if other signs are seen. Such a screening tool, using clinical signs to determine if there may be residual infection in the village, needs validation but might be useful until a rapid diagnostic, point of care, test for infection is available.
In summary, we have shown variation within district in trachoma rates in the villages, which would be of little importance if the district is hyper-endemic for trachoma as virtually all of the villages have trachoma rates greater than 10%. However, if the district prevalence is greater than 10% and less than 15%, it is important to consider rapid assessment of all villages to avoid mass treating villages that no longer need intensive treatment. At the same time, districts whose average prevalence falls below 10% should have some surveillance system in place to ensure re-emergence does not occur. A rapid point-of-care test for Chlamydia that could be used for surveillance would be ideal for such surveillance, but in the absence, using a combination of trachoma signs that include severe trachoma grades might be useful.
